Prostaglandin E2 enhances osteoclastic differentiation of precursor cells through protein kinase A-dependent phosphorylation of TAK1.
Prostaglandin E2 (PGE2) synergistically enhances the receptor activator for NF-kappa B ligand (RANKL)-induced osteoclastic differentiation of the precursor cells. Here we investigated the mechanisms of the stimulatory effect of PGE2 on osteoclast differentiation. PGE2 enhanced osteoclastic differentiation of RAW264.7 cells in the presence of RANKL through EP2 and EP4 prostanoid receptors. RANKL-induced degradation of I kappa B alpha and phosphorylation of p38 MAPK and c-Jun N-terminal kinase in RAW264.7 cells were up-regulated by PGE2 in a cAMP-dependent protein kinase A (PKA)-dependent manner, suggesting that EP2 and EP4 signals cross-talk with RANK signals. Transforming growth factor beta-activated kinase 1 (TAK1), an important MAPK kinase kinase in several cytokine signals, possesses a PKA recognition site at amino acids 409-412. PKA directly phosphorylated TAK1 in RAW264.7 cells transfected with wild-type TAK1 but not with the Ser412 --> Ala mutant TAK1. Ser412 --> Ala TAK1 served as a dominant-negative mutant in PKA-enhanced degradation of I kappa B alpha, phosphorylation of p38 MAPK, and PGE2-enhanced osteoclastic differentiation in RAW264.7 cells. Furthermore, forskolin enhanced tumor necrosis factor alpha-induced I kappa B alpha degradation, p38 MAPK phosphorylation, and osteoclastic differentiation in RAW264.7 cells. Ser412 --> Ala TAK1 abolished the stimulatory effects of forskolin on those cellular events induced by tumor necrosis factor alpha. Ser412 --> Ala TAK1 also inhibited the forskolin-induced up-regulation of interleukin 6 production in RAW264.7 cells treated with lipopolysaccharide. These results suggest that the phosphorylation of the Ser412 residue in TAK1 by PKA is essential for cAMP/PKA-induced up-regulation of osteoclastic differentiation and cytokine production in the precursor cells.